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FQEIEWORD 

This report, written in four parts, presents the results of 
a portion of the experimental program for the investigation of 
hypersonic flow separation and control characteristics being con- 
ducted by the Research Department of Grumman Aircraft Engineering 
Corporation, Bethpage, New York.  Messrs. Donald E. Hoak and 
Wilfred J. Klotzback of the Flight Control Division, Air Force 
Flight Dynamics Laboratory, Aeronautical Systems Division, located 
at Wright-Patterson Air Force Base, Ohio, are the Air Force Project 
Engineers for the program, which is being supported primarily under 
Contract AF33(616)8130, Air Force Task 821902. 

The author wishes to express his appreciation to the staff of 
the von Karman Facility for their helpfulness in conducting the 
tests and particularly to Messrs. Schueler, Baer and Deitering for 
providing the machine plotted graphs of the experimental data in- 
cluded in this report.  Ozalid reproducible copies of the tabulated 
data are available on loan from the Flight Control Division of the 
Air Force Flight Dynamics Laboratory. 

The parts of this report are: 
'if 

Part I: Pressxare Data for Delta Wing Surface ' 

Part II: Pressiure Data for Dihedral Star faces 

Part III: Heat Transfer Data for Delta Wing Surface 

Part IV: Heat Transfer Data for Dihedral Surfaces 



ABSTRACT 

Pressure and heat transfer data were ohtained for Mach 
8 flows over a blunt pyramidal configuration composed of a 
70 degree sweepiack delta wing surface and two dihedral surfaces. 
Trailing edge flap deflections were varied up to 40 degrees 
on all surfaces, and the model was tested with and without canards 
and ventral fins. The model was pitched at angles of attack 
between ±54 degrees and was tested at sideslip angles of 0 and ' " 
12 degrees for free stream Reynolds numbers, based on model length 
of 1.5 and 4.5 million. 

This report has been reviewed and is approved. 

"tHARLES B. WESTBROOK 
Chief, Control Criteria Branch 
Flight Control Division 
Air Force Flight Dynamics Laboratory 
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INTRODUCTION 

The experimental data generated for an investigation of hyper- 
sonic flow separation and aerodynamic control characteristics are to 
be presented in a series of reports^ of which this is one.  Pressure, 
heat transfer, and force data are to be obtained for hypersonic flows 
over "basic geometries," such as a wedge mounted on a flat plate, and 
for "typical" hypersonic flight configurations with aerodynamic con- 
trol svirfaces.  The experimental portion of the program requires a 
total of 11 models (see Fig. 1, p. 19); 8 for tests in the von Karman 
Facility of the Arnold Engineering Development Center and 3 for tests 
in the Grumman Hypersonic Shock Tunnel (Refs. 1 and 2).  Data ob- 
tained from AEDC tests of one of the models are given in this four 
part report (see Foreword). 

This report (Part I) presents 
pressure data obtained in the AEDC 
50-inch Mach 8 tunnel (Ref. 3) on 
the lower surface of a blunt py- 
ramidal configuration having re- 
motely controlled trailing edge 
flaps. Pressure data obtained on 
the dihedral surfaces of the model 
are presented in Part II, and heat 
transfer data obtained on the 
model are presented in Parts III 
and IV. The same model was tested 
in the AEDC 40-inch Supersonic 
Tunnel to obtain pressure distri- ' 
butions for Mach 5 flows (Ref. 4). A geometrically similar force 
model was tested at the same Mach numbers and at the same model 
length Rejmolds nximbers in both the 40-inch and 50-inch tunnels.  A 
third geometrically similar model, with limited pressxjre and heat 
transfer instrumentation, is to be tested in the Grumman Hypersonic 
Shock Tunnel (see Fig. 1). 

MODEL ; 

Photographs of the model installed in the 50-inch Mach 8 tunnel 
are shown in Fig. 2.  The lower surface of the model is a blunt 
delta wing with 70 degree sweepback.  The planar portions of the 

Manuscript released by the author in November 1963 
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dihedral surfaces are right triangles and are connected by a cylin- 
drical segment which forms the model's "ridge line." The three 
cylindrical leading edges and the spherical nose have the same radius 
(also the same as for Configuration "C" shown in Fig. 1). The cross- 
sectional shape is the same as one of the ASD — General Applied 
Sciences Laboratory pyramidal models tested in the AEDC Hotshot 2 
hypervelocity facility (Ref. 5). 

The model has four, remotely controlled, trailing edge flaps, 
one on each dihedral surface (both of which are deflected in Fig. 2), 
and two on the lower siarface of the model.  The two lower surface 
flaps are actuated as a pair and are always set at equal deflections. 
As shown in Fig. 3, the flaps have rectangular planforms, and their 
hinge lines are parallel to the base of the model (perpendicular 
to the ridge line).  The chords of the remotely controlled flaps are 
15 per cent of the virtual length of the model.  The flaps are de- 
flectable at angles between 0 and 40 degrees, meastired in the 
planes normal to the flap hinge lines.  In addition to the remotely 
controlled flaps, one pair of instirumented flaps having a set de- 
flection of 20 degrees and a chord equal to 25 per cent of the 
model reference length are attachable to the lower surface of the 
model (see Fig. 3). 

As indicated in Fig. 3, there are also attachable canards and 
a ventral fin for the model.  The canards, shown attached to the 
model in Fig. 2, have cylindrical leading edges and 45 degree sweep- 
back.  They are geometrically similar to the force model canards 
and have a planform area equal to that of the basic model from the 
nose to the trailing edge of the canards. The ventral fin is attach- 
able in either of two positions on the lower sixrface of the model 
between the trailing edge flaps.  The fin is wedge shaped (total 
wedge angle of 30 degrees), has a cylindrical leading edge, and is 
geometrically similar to the instrumented fin of Configuration "B" 
shown in Fig. 1.  As indicated in Fig. 3, the fin can be set at 
fin (or rudder) deflection angles of 0 or +15 degrees (trailing 
edge left), and has a chord equal to 15 per cent of the model 
reference length. 

Pressure tap and thermocouple locations are shown in Fig. 3. 
There are 5 streams/ise lines of pressure taps on the lower surface; 
8 taps are on the centerline of the lower surface and 10 taps are 
positioned along a streamwise line coincident with the flap center- 
line and extending forward to the leading edge of the model.  There 
are four streamwise lines of thermocouples on the lower sxorface of 
the model. As indicated in Fig. 3, the attachable extended-chord 
flaps also are instrumented for pressvire and temperature measure- 
ments. The upper sxirface of the model has a similar array of 



pressure taps and thermocouples in lines parallel to the ridge line 
of the model.  Eight pressure taps are on the ridge line; 10 taps 
are positioned along a line coincident with the flap centerline and 
extending forward to the leading edge of the model. 

Remote Control System for Flaps 

The trailing edge flaps are actuated by bell cranks and push- 
pull rods connected to drive screws and 28 volt dc motors housed 
in a water cooled jacket mounted to the base of the model.  The 
water cooled actuator housing contains three each: motors, drive 
screws, and potentiometers required to actuate the flaps and to 
determine the flap deflection angles (see Fig. 4).  For the model 
discussed herein, one motor is used to actuate the pair of flaps 
on the lower surface of the model, and the other motors are used 
to actuate the flaps on the left and right dihedral surfaces.  The 
same actuator housing is used for the other pressure and heat trans- 
fer models having remotely controlled flaps (Configurations "A". 
"C" and "D", Fig. 1). . . . ,. 

The electrical circuits for the flaps are shown in Fig. 5. As 
indicated in the diagram, the flaps are driven by the 28 volt dc 
motors and the potentiometer readings, used to position the flaps, 
appear on Leeds and Northrup indicators.  A "limit light" circuit 
is also shown in Fig. 5.  Microswitches at both ends of each drive 
screw are calibrated to close when any flap is in a limiting posi- 
tion (either 0  or 40 degree deflection for the model considered 
herein).  When in this limiting position, a limit lamp lights in 
the control room.  Finally, the actuator housing also contains 
thermocouples used to monitor temperatures at three locations in 
the housing. 

The temperature and potentiometer indicators are shown in 
Fig. 6.  Also shown in Fig. 6, from left to right, are the limit 
lamp box, variable resistors used in calibrating the potentiometer 
readings, the flap motor control box, and an ammeter used to in- 
dicate the motor loads.  Any excess motor loads, due, for exanqjle, 
to binding in the flap control linkage, would be apparent imme- 
diately by a high ammeter reading, and the motor could be stopped 
before causing further damage. 



TEST CONDITIONS 

The presstire data presented herein were obtained from tests 
in the AEDC 50-inch Mach 8 tunnel made during the latter part of 
July 1963. The model was pitched from 54 degrees nose down to 
54 degrees nose up for various flap settings and for free stream 
Reynolds numbers per foot of 1.1 and 3.3 million.  Data were 
also obtained for selected flap settings for +12 degree sideslip 
and for changes in the basic geometry of the configuration (longer 
chord flaps on the lower svirface, canards, and ventral fin) .  The 
test conditions for the pressure data are shown in Tables I and 
II. Flap deflection angles are considered positive when the flap 
trailing edge is deflected downward.  Thus, the flaps on the lower 
surface were deflected at positive angles and the flaps on the 
upper, dihedral, sxirfaces were deflected at negative angles. The 
15 degree ventral fin (rudder) setting is indicated in Fig. 3 and 
is set to trim at positive sideslip angle (nose left). 

Flap deflections were set using Leeds and Northrup indicator 
readings of the potentiometers connected to the drive screws in 
the water cooled actuator housing.  The potentiometer readings for 
the desired flap settings were calibrated using hand held templates. 
Flap settings were checked frequently while the tunnel was running 
by using a flood lamp and a surveyor's transit focused on scribe 
lines on the trailing edges of the flaps. 

In order to minimize model cooling time, heat transfer data 
were obtained for a set of test conditions before obtaining pressure 
data for the same conditions.  The flaps were set at the desired 
deflections, and the model was pitched to the desired angle of 
attack while inside the tunnel cooling shoes (shown retracted in 
Fig. 2). The cooling shoes were rapidly retracted (full retraction 
within 3/4 sec) and temperature readings recorded for every thermo- 
couple every 0.05 seconds for 4.00 seconds.  The shoes were then 
closed quickly, the model cooled to approximately 500°R and 
pitched to the next desired angle of attack.  In this manner, the 
heat transfer data were obtained for a given configuration and 
value of Re /ft for the various angles of attack and flap settings 

while limiting the amount of heat absorbed by the model.  The shoes 
were then left retracted while the pressure data, which require 
several minutes to stabilize for each set of test conditions, were 
obtained. 



DATA REDUCTION AND ACCURACY 

All pressure data were reduced to standard coefficient form: 

■« ■        P - p • ■- ; ■■ 
C =  ^ 
P      ^00       ....... ....   ■ 

where p is the measured pressure;  p^ is the free stream static 
pressixre; and q^ is the free stream dynamic pressinre. The inac- 
curacy in the measured pressure varies from ±0.003 psia for pres- 
sures below 0.40 psia,  to ±0.026 psia for pressures greater 
than 15 psia.  Pressure coefficient uncertainties vary, for ex- 
ample, from 0.004 for Cp < 0.3 and Rejft  = 1.1 million, to 
0.013 for Cp = 2.0 and Re^/ft =3.3 million. At the higher 
pressure coefficients, the greatest part of the inaccuracy is due 
to fluctuations in the Mach 8 free stream dynamic pressure (Ref. 6). 

The automatic plotting machines, used in presenting the data 
herein, introduce another source of possible error.  The discrepancy 
in the plotted pressure coefficients due to this machine error 
should not exceed ±0.01.  Nevertheless, there is always the possi- 
bility that a point will be completely misplotted.  Each graph has 
been inspected and questionable points checked with the tabulated 
pressure coefficients. 

The remotely controlled flap settings were estimated to be 
accurate to well within half a degree. 

RESULTS 

Table II summarizes the Mach 8 pressure data obtained on the 
lower, delta wing, surface of the model and indicates the corre- 
sponding figure numbers where the sets of data are presented 
herein.  The AEDC group number is presented in the last column 
of the Table.  This number indicates the order in which the data 
were obtained and is to be used when referring to the tabulated 
data. 

Streamwise and spanwise distributions of the pressures, in 
coefficient form, are presented in Figs. 7 through 102.  The first 
part of each figure presents streamwise pressure distributions at 



five spanwise stations and the second part of each figure presents 
spanwise pressure distributions at five streanwise stations. An 
outline of the model, showing the position of the strearawise and 
spanwise lines of pressure taps, appears on each full-page figure. 
As indicated in the figures,  X'  is the nondimensional streaniwise 
distance from the planform virtual apex to the projection of a 
pressure tap on the planform, and Y  is the nondimensional span- 
wise distance of the planform projection of the tap measured out- 
board from the centerline (see Fig. 3 and Table III). 

Some of the pressxjre tubes developed leaks during the tests. 
The corresponding pressure tap numbers, and the AEDC group numbers, 
are given in the tabulated data.  The erroneous pressure coefficient 
values have been omitted from the graphs presented herein. 

Although the accioracy of the plotted data should suffice for 
engineering purposes, ozalid reproducible copies of the tabulated 
data are available on loan (see Foreword).  The plotted data may 
be read accurately using standard 20/inch grid, tracing graph paper 
overlays. 
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TABLE I 

TEST CONDITIONS 

(Sheet 1 of 4) 

Tunnel Conditions 

Re /lO^ft 
00 

M 
00 

3.26* 

8.09 

1.09* 

8.04 

0.0250 p^ (psia) 

^00 (P^^^) 

0.0736 

3.37 1.13 

PQ (psia) 773 254 

T^(°R.) 1,345 1,340 

^The  corresponding free stream Reynolds numbers, based on the 
model reference length, are 4.5 and 1.5 million. 



TABLE I 

TEST CONDITIONS 

(Sheet 2 of 4) 

BASK 
(without canards, 

chord (15% re 

AT ZERO SIDESL 

Flap Settings (deg) 

: PYRAMIDAL CONFIGURATION 
without ventral fin, and with shorter 

f, length) flaps on lower surface) 

IP O = 0) AND FOR Re /lO^ft = 3.3 
oo 

Angles of Attack 
(deg) Bottom Left Right 

0 -40 -40 -54    -33    0   +14.3*    +45 
-45    -12  +7       +33    +54 

0 -30 -30 -12    0   +14.3 

0 -20 -20 -45    -12    0   +14.3     445 

0 -10 -10 -12    0   +14.3 

0 0 0 -54    -33    0   +14.3    +45 
-45    -12          +33    +54 

?  +10 0 0 -12    0   +14.3 
1 

+20 '      0 
i 

0 -12    0   +14„3    +45 
+33    +54 

+30  !  0 0 -12    0   +14.3 

+40  i  0 0 
-45    -12    0   +14.3    +45 

+7     +33    +54 

0  I -20 0 -12    0   +14.3 

0   -40 0 -12    0   +14.3 

0     0 -20 -12    0   +14.3 

0     0 -40 -12    0   +14.3 

*Dihedral surfaces parallel to free stream flow at a = 14.3° 
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TABLE I 

TEST CONDITIONS 

(Sheet 3 of 4) 

BASIC PYRAMIDAL CONFIGURATION 

Flap Settings (deg^ 
Bottom^ Left] Right 

0 
0 
0 

+20 
440 

-40 
•20 
0 
0 
0 

4- 
-40 
-20 

0 
0 
0 

Angles of Attack (deg) 
at zero sideslip 

■12 
•12 
•12 
•12 
-12 

0 
0 
0 
0 

+14.3* 
+14.3 
+14.3 
+14.3 
+14.3 

Slideslip Angles (deg) 
at a = 0 

0 
0 

+20 

20 1 0 
0 ! 0 
0 0 

+12*^ 
+12 
+12 

Re £Q_ 

lO^ft 

BASIC + LONGER CHORD BOTTOM FLAPS 
(without canards, without ventral fin, and with 

longer chord (25% ref. length) flaps on lower surface) 

Flap Settings (deg) 
Bottom i Left 

+20 
+20 

0 
0 

Right 

0 
0 

Angles of Attack (deg) 
at zero sideslip 

•12 
•12 

0 
0 

+14.3 
+14.3 

1.1 
1.1 
1.1 
1.1 
1.1 

3.3 
3.3 
3.3 

Re, 
SSL. 

lO^ft 

3.3 
1.1 

*Dihedral surfaces parallel to free stream flow at a = 14.3°, 

**Nose left. 
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TABLE I 

TEST CONDITIONS 

(Sheet 4 of 4) 

BASIC + CANARDS 
(without ventral fin and with shorter chord 
(15% ref. length) flaps on lower surface) 

FOR Re /lO^ft =3.3 

Flap_Settings   (deg) 
Bottom ! Left 

0 
0 

■20 
0 

Right 

■20 
0 

Angles  of Attack (deg) 
at  zero sideslip 

■12 
■12 

0 +14.3* 
0 +14.3       I 

BASIC + VENTRAL FIN 
(without canards and with shorter chord 
(15% ref. length) flaps on lower surface) 

Flap Settings 
Bottom    Left 

0 
+20 

0 

0 
0 
0 

idesL 
Right 

FOR Re /lO^ft = 3<,3 

Fin  (Rudder) 
Setting  (deg) 

0 
0 
0 

0 
0 

+15*** 

Sideslip Angles (deg) 
at a = 0 

0 
0 
0 

+12** 

+12 

*Dihedral surfaces parallel to free stream flow at a = 14„3° 
**Nose Left. 
***Fin trailing edge left. 
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TABLE III 

COORDINATES OF PLANFORM PROJECTIONS 

OF PRESSURE TAPS 

Tap X' Y' 
Number 

5 0.3243 0 
7 Go4144 
9 0.5045 

11 0.5946 
13 0.6847 
15 0„7748 \ ( 
16 0.8198 
17 0.8799 0 

25 0<,7748 0.1218 
26 0.8198 i 27 0.8799 
28 0o9249 0.1218 

33 0c6847 0.3090 
35 0o7748 

437 & 37 0o8799 1 

438 6c 38 0.9249 1 
439 & 39 0.9700 0o3090 

Tap X' Y' 
Number 

40 0.4297 0.4340 
41 0.5946 
42 0.6396 
43 0.6847 
44 0.7297 

445 & 45 0.7748 
446 & 46 O08I98 
447 & 47 0.8799 

^ 448 & 48 0o9249 
449 & 49 0.9700 0.4340 

457 6c 57 0.8799 0.5590 
458 6c 58 0.9249 0.5590 
459 6c 59 0.9700 0„5590 
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Separated Flows ahead of a Ramp 
Fore and aft flaps, end plates 
3 separate models: 

1) Pressure and heat transfer, AEDC Tunnels 
A & B, M = 5 & 8, results in Rets. 7 and 9. 

2) Controlled wall temperature, pressure 
AEDC Tunnel B, M = 8, results in Refs! 8 and 9. 

3) Pressure and heat transfer, Grumman Shock 
Tunnel, M   13 & 19, results not available yet. 

Wedge - Plate Interaction 

Small and large fins with sharp 
and blunt leading edges 
2 separate models: 

1) Pressure and heat transfer, AEDC Tunnels 
A & B, M = 5 & 8, results in Refs. t, 9 and 10. 

2) Pressuie and heat transfer, Grumman Shock 

Tunnel, M  13 & 19, results not available yet. 

Clipped Delta, Blunt L.E. 

Center body, T.E. flaps, drooped nose 
spoiler, tip fins 
3 separate models: 

1) Pressure and heat transfer, AEDC Tunnels 
A & B, M = 5 & 8, results in Ref. 11. 

2) Pressure, AEDC Hotshot 2, 
M   19, results in Refs. 12 and 13. 

3) Six component force, AEDC Tunnels 
A & B, M = 5 & 8, results in Ref. i_4. 

Delta, Blunt L.E., Dihedral 
T.E. flaps, canard, ventral fin 
3 separate models: 

1) Pressure and heat transfer, AEDC Tunnels 

A & B, M = 5 & 8, results in Ref. 4 and here 

2) Pressure and heat transfer, Grumman Shock 
Tunnel, M  19, results not available yet. 

3) Six component force, AEDC Tunnels 

A6.B,M = 5&8, results not available yet. 

Fig. 1  General Outline of Models and Remarks ior 0 
ver-all Program 
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Fig. 3c Model Instrumentation  (Sheet 3 of 3) 
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Fig. 4 Actuators for Remotely Controlled Flapj 
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Fig. 6 Photograph of Flap Control and Indicator Panels 
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Bottom Flaps Deflected +10°,     a =  -12°,     P =  0°,   Re  /ft =  3,300,000. 
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Bottom Flaps Deflected +20°,  a = -12°, p = 0°,  Re /ft = 3,300,000. 
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Fig. 31  Spanwise Distributions of Pressure Coefficients; Basic Configuration, 
Bottom Flaps Deflected +20°,  a = -12°, p = 0°, Re /ft = 3,300,000. 
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Fig, 32  Streamwise Distributions of Pressure Coefficients;  Basic Configuration 
+ Longer Chord Flaps,  Bottom Flaps Deflected +20°,  a = -12°, p = 0°, 
Re /ft = 1,100,000, 
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Fig. 33 Streamwise Distributions of Pressure Coefficients; Basic Configuration 
+ Longer Chord Flaps, Bottom Flaps Deflected +20°,  a = -12°, P = 0°, 
Re /ft = 3,300,000. 
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Fig. 33  Spanwise Distributions of Pressure Coefficients; Basic Configuration 
+ Longer Chord Flaps, Bottom Flaps Deflected +20°, a = -12°, p = 0° 
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Fig,   34     Streamwise  Distributions   of  Pressure Coefficients;   Basic  Configuration, 
Bottom Flaps   Deflected +30°,   a  =   -12°,   p  =   0°,   Re   /ft  =   3,300,000. 
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Fig. 38  Streamwise Distributions of Pressure Coefficients, Basic Configuration, 
Left and Right (Upper) Flaps Deflected -40°, a = 0°,  3=0°, 
Re /ft = J,300,000. 
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Fig.   33     Spanwise  Distributions   of  Pressure Coefficients,   Basic  Configuration, 
Left  and Right   (Upper)   Flaps  Deflected  -40°,   a =  0°,     p =  0°, 
Re  /ft  =  3,300,000. 
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Fig.  39     Streamwise  Distributions  of Pressure Coefficients,   Basic  Configuration, 
Left   (Upper)   Flap Deflected  -40,   a =  0°,   3=0°,   Re^/ft =  3,300,000. 
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Fig. 69  Spanwise  Distributions of Pressure Coefficients; Basic Configuration, 
Left and Right (Upper) Flaps Deflected -40°, a = +14.3", p = 0°, 
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Fig.  70    Streamwise Distributions  of Pressure Coefficients;   Basic Configuration, 
Left   (Upper)   Flaps  Deflected  -40°,   a  = +14.3°,   p =  0°, 
Re   /ft  =   3,300,000. 
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Fig. 70  Spanwise Distributions of Pressure Coefficients; Basic Configuration, 
Left (Upper) Flaps Deflected -40°, a = +14.3°,  p - 0°, 
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Fig.   S2     Stream«ise  Distributions  of  Pressure Coefficients;   Basic  Configuration, 
^ Bottom Flaps  Deflected +10°,   a  = +14.3°,   P =  0° ,   Rejft =  3,300,000. 
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Fig. 82  Spanwise Distributions of Pressure Coefficients; Basic Configuration, 
Bottom Flaps Deflected +10°, a = +14.3°, p = 0°, Re /ft = 3,300,000. 
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Fig    83     Streamwise Distributions   of  Pressure Coefficients;   Basic  Configuration, 
Bottom Flaps  Deflected +20°,   a = +14.3%   P = 0° ,   Re_^/ft =  1,100,000. 
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Fig. 83  Spanwise Distributions of Pressure Coefficients; Basic Configuration, 
Bottom Flaps Deflected +20°, a = +14.3°, p = 0°, Re /ft = 1,100,000. 

109 



Lower Surface 
Ventral fin < 

8=0 Dashed 
8 = 15° Dotted 

(NONDIMENSIONAL STREAMWISE DISTANCE FROM VIRTUAL APEX) 

Fig.   84     Streamwise Distributions   of  Pressure Coefficients;   Basic  Configuration, 
Bottom Flaps  Deflected +20%   a = +14.3%   P =  0%   Kejft =  3,300,000. 
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Fig. 85 Streamwise Distributions of Pressure Coefficients; Basic Configuration 
+ Longer Chord Flaps, Bottom Flaps Deflected +20°, a = +14.3 , p - U , 
Re /ft = 1,100,000. 
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Fig. 85  Spanwise Distributions of Pressure Coefficients; Basic Configuration 
+ Longer Chord Flaps, Bottom Flaps Deflected +20°, a = +14.3°, p = 0°, 
Re /ft = 1,100,000. 
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Fig. 86 Streamwise Distributions of Pressure Coefficients; Basic Configuration 
+ Longer Chord Flaps, Bottom Flaps Deflected +20°, a = +14.3°, p = 0°, 
Re  /ft  =  3,300,000. 

114 



0 
1 

1 .0 
1 

2.6 ... Lower Surface 

1 / X / 
2  4- 

1  / ' / 

2.2 

1  7 
_ / 

 1 1  
X'                SYMBOL 

2  0 
1 

0.77 48 
98 

O 
D    — 1 0.81 j 0.8799 O 

~      1 0.9249 X 

1.8 
1 0.9700 [> 

1  6 

r-7 

1/ 

1.4 

- 

- 
c 

D 
. 

Cp   1.2 

1  0 

- 
X 

— 

0.8 
G 

V- > *■ 

0   6 
» 

— 

0.4 

0 2i 

- 

0 

- 
s 

— 

-0.2 
<f 0. 2 0. 4 0. 6 0. 8 

(NONDIMENSIONAL SEMISPAN DISTANCE) 

Fig. 06 Spanwlse Distributions of Pressure Coefficients; Basic Configuration 
+ Longer Chord Flaps, Bottom Flaps Deflected +20°, a = +14.3° 6=0° 
Re /ft = 3,300,000. 

115 



Lower Surfac e 
Ccp = aosVx 

fT 

V "-~~. 
'        "^^ 

L 

\ >- 1— > 

- 
\ 1  ^ 

^~~^ ^ 
1 > 

X 

V' SYMBOL 

0 o 
n 

--^ 
li.O 

0.309 
_   0.434 

0.559 

0 
0 
0 

t> 
O 
X 

"^ ^-- 

- 

- 

- 

- 

- 

- 

- 

- 
O 

o 

- 
o G o o         < o   % 

O 

u 

n  9 

- 

0.2 0.4 0.6 0.8 1.0 

(NONDIMENSIONAL STREAMWISE DISTANCE FROM VIRTUAL APEX) 

Fig.   87     Stream«ise  Distributions  of  Pressure Coefficients;   Basic  Configuration, 
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Fig. S8  Streamwise Distributions of Pressure Coefficients; Basic Configuration, 
Bottom Flaps Deflected +40°, a = +14.3°, f3 = 0% Re_^/ft = 1,100,000. 
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Fig. 88  Spanwlse Distributions of Pressure Coefficients; Basic Configuration, 
Bottom Flaps Deflected +40", a = +14.3°, p = 0°, Re /ft = 1,100,000.' 
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Fig, 09 Spanwise Distributions of Pressure Coefficients; Basic Configuration, 
Bottom Flaps Deflected +40°, a = +14.3°, p = 0°, Re /ft = 3,300,000. 
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Fig. 90  Streamwise Distributions of Pressure Coefficients; Basic Configuration, 
Left and Right (Upper) Flaps Deflected -40°, a = +33°, P = 0°, 
Re /ft = 3,300,000. 
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Fig.   90     Spanwise  Distributions   of  Pressure Coefficients;   Basic  Configuration, 
Left  and Right   (Upper)   Flaps  Deflected  -40°,   a  = +33°,   p =  0° 
Re  /ft  =  3,300,000. 
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Fig.   91     Stream«ise  Distributions  of  Pressure Coefficients;   Basic  Configuration. 
No Flap Deflections,   a = +33°,   P =  0° ,  Re^ft =  3,300,000. 

124 



0 1.0 
1 

2.6 u_  . n       Lower Surface 
- -f— 

/ ] i- / 
2.4 ■- U- 

Ttzr 7 
2.2 . / 

- / 
-1 \  
X'                SYMBOL 

2.0   0.77 48 
.98 

O 
D     — 0.8] 

-     / 0.8799 
0.9249 

O 
X 

1.8 0.9700 o 

1.6 

~ / / 1/ 

— 

1.4 

Cp  1.2 

- 

1.0 

- 

0.8 
o   
B 

0.6 

s ' • S 

- 

0.4 

0.2 

- 

0  - 

- 

-0.2   - 

t 0.2 0.4 0. 3 O.f i 1.0 
Y' 

(NONDIMENSIONAL SEMISPAN DISTANCE) 

Fig. 91 Spanwise Distributions of Pressure Coefficients; Basic Configuration, 
No Flap Deflections, a = +33°, p = 0°, Re /ft = 3,300,000. 
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Fig.   92     Streamwise Distributions  of Pressure Coefficients;   Basic  Configuration, 
Bottom Flaps  Deflected +20%   a = +33°,   p =  0%   Re_^/ft  =  3,^00,000. 
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Fig. 93  Spanwise Distributions of Pressure Coefficients; Basic Configuration, 
Bottom Flaps Deflected 440°, a = +33°, 3=0°, Re /ft = 3,300,000. 
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Re  /ft =  3,300,000. 
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Fig. 94 Spanwise Distributions of Pressure Coefficients; Basic Configuration, 
Left and Right (Upper) Flaps Deflected -40°, a = +45°, p = 0° 
Re /ft = 3,300,000. 
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Fig. 95 Spanwise Distributions of Pressure Coefficients; Basic Configuration, 
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Fig.   96     Streamwise  Distributions   of  Pressure Coefficients;   Basic  Configuration, 
No  Flap  Deflections,   a  = +45°,   p =  0°,   Re  /ft =  3,300,000. 
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Fig.   96     Spanwlse  Distributions   of Pressure Coefficients;   Basic  Configuration, 
No Flap  Deflections,   a = 445°,   3=0°     Re  /ft  =  3,300,000. 
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Fig. 97 Streamvjlse Distributions of Pressure Coefficients; Basic Configuration, 
Bottom Flaps Deflected +20% a =  +45°, P = 0°, Re /ft = 3,300,000. 
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Fig     97     Spanwise Distributions   of  Pressure Coefficients;   Basic  Configuration, 
Bottom Flaps  Deflected +20°,   a = +45°,   P =  0%   Re^/ft  =  3,300,000. 
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Fig.   98     Streamwise Distributions   of  Pressure Coefficients;   Basic  Configuration, 
Bottom Flaps Deflected +40°,   a = +45°,   p =  0°,   Re  /ft  =  3,300,000. 

132 



0 1. 
1 

» 

•03.3? O^.os . 03.5-,ff 
/ 1 

C 

/ 1 
l 1 

1—. 
2.4- ' \      J 

X 

1  J     / 

o 
0 

c 
1 

X'                SYMBOL 

0.7748                 O 
2.0b 

o 

-    / 
o 

0.879 
0.924 
0.970 

o                    U 
9                 O 
9                 X 
0             o 

r-7 
c> 

1. 6 

1.4 

- 
X 

> 

Cp   1.2 

- 

- 

- 

0.6 

0.4 

- 

0.2 

0 

- 

-0.2 L 
<L 0.4 0.6 1.0 

(NONDIMENSIONAL SEMISPAN DISTANCE) 

Fig. 98  Spanwlse Distributions of Pressure Coefficients; Basic Configuration, 
Bottom Flaps Deflected +40°, a = +45°, P = 0°, Re /ft = 3,300,000. 
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Fig.   99     Streamwise  Distributions   of   Pressure Coefficients;   Basic  Configuration 
Left and Right   (Upper)   Flaps  Deflected  -40°     a = +54°     8=0° ' 
Re  /ft =  3,300,000. 
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Fig.   99     Spanwise Distributions  of  Pressure Coefficients;   Basic  Configuration, 
Left and Right   (Upper)  Flaps  Deflected  -40°,   a = +54°,   p = 0°, 
Re  /ft =  3,300,000. 
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Fig.   100     Streamwise Distributions  of  Pressure Coefficients;   Basic  Configuration, 
No Flap Deflections,   a = +54°,   P = 0° ,   Re_^/ft =  3,300,000. 
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Fig. 100  Spanwlse Distributions of Pressure Coefficients; Basic Configuration. 
No Flap Deflections, a = +54°, p = 0°, Re /ft = 3,300,000. 
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Fig.   101     Streamwise  Distributions   of  Pressure Coefficients;   Basic  Configuration, 
Bottom Flaps  Deflected +20%   a = +54°,   P  =  0° ,   Re  /ft = 3,300,000. 
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Fig. 101  Spanwise Distributions of Pressure Coefficients; Basic Configuration, 
Bottom Flaps Deflected +20% a = +54°, P = 0° , Re /ft = 3,300,000. 
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Fig.   102     Streamwlse  Distributions   of  Pressure Coefficients;   Basic  Configuration, 
Bottom Flaps  Deflected +40°,   a = +54°,   P =  0°,   Re  /ft =  3,300,000. 
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